Abstract. We report on the investigation and successful application of the bichromatic correlation of optical and microwave signals for determining the area-averaged correlation of temperature-humidity fluctuations. The additional technical effort is marginal compared to the common 'two-wavelength method', which has (in contrast) the restriction that only two of the three relevant meteorological structure parameters can be deduced. Therefore, in the past, it was often assumed that the turbulent humidity and temperature fluctuations are perfectly positively or negatively correlated. However, as shown in this study, over non-homogeneous terrain when the flow conditions are not ideal, this assumption is questionable. The measurements were analysed statistically, and were compared to in situ measurements of the Bowen ratio Bo and the correlation of temperature-humidity fluctuations using eddycovariance techniques. The latter is in good agreement to that derived by scintillometry. We found that the correlation is not ±1 but as low as )0.6 for Bo smaller than )2, and up to 0.8 for Bo larger than 1.
Introduction
Many applications in meteorology and the atmospheric sciences demand continuous measurements of turbulent surface heat fluxes that are representative of extended areas. Over heterogeneous terrain, local point measurements, using profile or eddy-covariance techniques, are not suitable, and it has been found that scintillometry appears to be a reliable method for measuring spatially averaged fluxes (e.g. Beyrich et al., 2002; Meijninger et al., 2002a, 2002b, and references therein) .
In order to measure sensible and latent heat fluxes using scintillometry, several investigations have been carried out to date by applying the so-called two-wavelength method (e.g. Kohsiek and Herben, 1983; Hill et al., 1988; Andreas, 1989; Hill, 1997; Green et al., 2000 Green et al., , 2001 Meijninger et al., 2002a) . With this method the path-averaged refractive index structure parameter C 2 n is measured at two wavelengths k i simultaneously. The parameter C 2 n can be expressed as
with the three unknowns, the temperature structure parameter C 2 T , the (specific) humidity structure parameter C 2 q and the temperature-humidity structure parameter C Tq . The constants A i =A(k i , P, T, q) and B i =B(k i , P, T, q) depend on the mean temperature (T), the air pressure (P), the specific humidity (q) and the electromagnetic wavelength (k i ). With measurements of C 2 n at only two wavelengths, it is impossible to find all three meteorological structure parameters, which is a serious disadvantage of the two-wavelength method. Thus it can only be applied by assuming that the three parameters are not independent, and it is often assumed that C T q ¼ AEðC
between temperature and humidity fluctuations is assumed to be ±1 (e.g. Kohsiek and Herben, 1983; Hill et al., 1988; Andreas, 1989; Hill, 1997; Green et al., 2000 Green et al., , 2001 Meijninger et al., 2002a) . In fact, this assumption is theoretically demanded for a flow that strictly obeys the Monin-Obukhov similarity theory (MOST) (Hill, 1989) . For non-ideal flow conditions, the
is not always justifiable, and, especially over non-homogeneous terrain, the strict validity of MOST and hence the perfect temperature-humidity correlation is rather questionable (Andreas, 1987; Andreas et al., 1998; De Bruin et al., 1993) . Therefore it would be a considerable advantage to know also the parameter C Tq independently. Therewith more accurate determinations of C 2 T and C 2 q should be feasible, leading to better heat flux estimates. Furthermore, it is thought that scalar-scalar correlations are especially sensitive to violations of MOST (Hill, 1989; Andreas et al., 1998) . Thus, measurements of C Tq , together with C 2 T and C 2 q , would also be well suited to answering fundamental questions about the MOST validity and applicability.
In order to determine all three meteorological structure parameters in (1) three independent C 2 n measurements should be available; this demand could be met by the 'three-wavelength method ' (Phelps and Pond, 1971; Hill et al., 1988; Andreas, 1990; Hill, 1997) , Unfortunately, it is not easy to find three independent wavelengths in available electromagnetic spectral regions. In
